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DISCLAIMERS

The findings in this report are not to be construed as an official Depart-
ment of the Army position unless so designated by other authorized
documents.

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Govern-
ment procurement operation, the U.S. Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied

the said drawings, specifications, or other data is not to be regarded

by implication or otherwise as in any manner licensing the holder or
any other person or corporation, or conveving any rights or permission,
to manufacture, use, or sell any patented invention that may in any way
be related thereto.

Trade names cited in this report do not constitute an official endorse-
ment or approval of the use of such commercial hardware or software,.

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the
originator.
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DEPARTMENT OF THE ARMY ~
U.8. ARMY AIR MOBILITY RESEARCH & DEVELOPMENT LABORATORY
EUSTIS DIRECTORATE
FORT EUSTIS, VIRQINIA 23604

This report was prepared by Systems Associates, Incorporated, under
the terms of Contract DAAJOZ-71-D-0003, Delivery Order 0001, It
presents a discussion of the basic or underlying causes of reliability
and maintainability (REM) deficiencies that have been found to exist
in servo-controlled hydraulic actuators (servocylinders) used on
Army helicopters in the current inventory. Included in the report
are discussions on the impact of design rcquirements, test require-
ments and procedures, quality assurance requirements and procedures,
maintenance practices and procedures, training of maintenance per-
sonnel, and lagging technology upon various failure modes that are
prevalent in hydraulic servocylinders, Also discussed is the
influence of past Army procurement policies and procedures upon the
basic causes of RGM deficiencies,

Results of this effort und other similar efforts have been used by
this Directorate as a basis for initiating R&D programs to evaluate
and recommend changes to design requirements, test requirements and
procedures, and quality assurance provisions for hydraulic, electrical,
flight control, and fuel systems and components,

The project engineer for this effort was Mr, Richard I, Adams,
Military Operations Technology Division.

]
/ _{.,

:soean

e o) dhe i



Task 1F162205A11906
Contract DAAJ02-71-D-0003
USAAMRDL Technical Report 73-29
May 1973

U.S5. ARMY HELICOPTER HYDRAULIC SERVOCYLINDER
RELIABILITY AND MAINTAINABILITY INVESTIGATION

Final Report

Systems Associates, Inc. Report 73-009

By

James L. Huffman
Sheldon Dockswell

Prepared by

Systems Associates, Inc.
Long Beach, California

for

Y D R Y

5 7 25 £ Panglstiidn s S G M kel RS LiS s DT )it Cor T E s oo o . s i
SR LA Sk SR o o, S e L S = o kit TR i R T e A O i e S T S ey g 2
LTI e e TS ol (e RAEE o A - Ry Nk MR T AT ’ W e 2 T e RN s AR e

EUSTIS DIRECTORATE
U.S. ARMY AIR MOBILITY RESEARCH AND DEVELOPMENT LABORATORY
FORT EUSTIS, VIRGINIA

Approved for public release;
distributicn unlimited.

‘e

I

[
4

e T

R e o . ey



vilhiann

SUMMARY

This investigation was carried out to identify, isolate, and verify the

causes of problems with servo controlled hydraulic actuators (hydraulic
servocylinders) used on U,S. Army helicopters, and to trace the result-

ing effects on helicopter availability. Design requirements, quality
assurance provisions, maintenance procedures and practices, test
requirements, and procurement practices were analyzed to assess
their impact upon the current problems.

The initial phase of the investigation was confined to the gathering of
all pertinent failure data and documentation relating to hydraulic
servocylinders. A Failure Modes and Effects Analysis (FMEA) was
then performed upon the following three different hydraulic servo=-
cylinder designs:

1. UH-1H Collective Pitch and Cyclic Hydraulic Servocylinder
2. OH-6A One-Way Locking Actuator
3. CH-47 Stick-Boost Dual Actuating Cylinder

The FMEA identified foreseeable failure modes which are common to
hydraulic servocylinders. All potential causes of the listed failure
modes were then listed. These analyses revealed that a single type
of servocylinder would be representative of the population of servo-
cylinders. Therefore, the UH-1H collective/cyclic hydraulic servo-
cylinder was used as a baseline upon which the data analyses were
performed.

The analysis of the pertinent failure data and documentation revealed
that five failure modes were responsible for over 90 percent of the
total hydraulic servocylinder removals in a 6=1/2-year period,
Subsequent analysis of the various policies, practices and procedures
documents showed that they contain anomalies that contribute to the
occurrence of the following predominant failure modes:

1. Lieaking

2. Excessive Wear

3. Miscellaneous

4, False Diagnosis (no failure)

5. Unknown Reason

iii
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The lack of stringent basic and/or Army operational design require-
ments, lack of formalized quality assurance and testing plans and
practices, and inadequate maintenance manuals were shown to be
major contributing factors to the leaking failure mode. This mode
accounts for approximately half of the se rvocylinder removals from
U.S. Army helicopters. Removals of hydraulic servocylinders that
were later found to have no detectable failure accounted for about
one-third of all removals., This erroneous removal rate is directly
attributed to inadequate training and ambiguities in maintenance
documentation, The majority of the remaining removals were
caused by normal wear for current state-of-the-art hydraulic
servocylinders.

iv
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INTRODUCTION

This investigation was performed to establish the basis of problems
currently being experienced by the U,S. Army on current-inventory
helicopter hydraulic servocylinders, This report describes the
various activities that were performed with the primary intent of
isolating the basic causes of existing failure modes. These activities
covered data acquisition and analysis; failure modes and effects
analysis; analysis of requirements, practices and procedures;
recommendations for improvements in documentation and hardware;
and cost savings that can Le anticipated as a result of implementing
the various recommendations.

Early in this investigation it became apparent that many

similarities existed in the hydraulic servocylinder failure modes of
various Army helicopters. Consequently, the UH-1H hydraulic servo-
cylinder was used as the baseline design upon which this investigation
was performed. This adoption of a baseline design does not in any
way bias any recommendation stated. Therefore, all the revisions
and solutions presented can be considered applicable to all current-
inventory U.S. Army hkelicopters.

Hydraulic servocylinder data were gathered from the Reliability and
Maintainability Management Improvement Techniques (RAMMIT)
reports, the U.S. Army Aeronautical Depot Maintenance Center
(ARADMAQC) reports, the Navy Maintenance Material Management
(3M) Data, and the Failure Rate Data (FARADA) Handbook for
Helicopter Equipments. Data were also gathered from the 76th
Aviation Group, Long Beach, California; the New Cumberland Army
Depot; the 49th Aviation Battalion, Stockton, California; the Federal
Aviation Administration, Long Beach, California; and the U.S. Army
Agency for Aviation Safety, Fort Rucker, Alabama. These data were
analyzed to determine hydraulic servocylinder failure modes and
effects. Failure modes and effects analyses were performed on the
following hydraulic servocylinders:

l. UH-1H Collective Pitch and Cyclic Hydraulic Servocylinder
2, OH-6A One-Way Locking Actuator
3. CH-47 Stick-Boost Dual Actuating Cylinder

Failure causes, determined from the Failure Modes and Effects
Analysis (FMEA), were analyzed to determine their relationship to
design requirements. Design requirements covered specification
control documents and drawings, component selection criteria,
military specifications and standards, design requirements to elimin-
ate induced failures, and contract specifications. Quality assurance



provisions included analysis of vendor manufacturer quality control and
shipping inspections, airframe manufacturer receiving inspections,
initial installation procedures, functional test procedures, mandatory
inspection points, and component sampling procedures. Maintenance
procedures and practices included investigation of maintenance manuals,
periodic inspections, shelf- fe considerations, failure criteria and
detection, maintenance personnel skill level requirements, qualifications
and training, special tool requirements and component accessibility.
Test requirements and procedures were analyzed in terms of system
compatibility testing requirements and pro-edures, qualification test
requirements and procedures including environmental tests and proce-
dures, flight test plans and porcedures, service test plans and proce-
dures, and acceptance test procedures. Consideration was also given
to how these test results should impact the production design of the
servocylinders,

A cost model was developed to predict costs incurred by hydraulic
servocylinder failures as a function of unit cost, installation time,
labor costs, mean time between failures, and fleet size. Existing and
proposed hydraulic servocylinders were compared using the model tc
determine costs. Revisions and solutions were made for changes in
documentation and hardware in each of the areas within the Require-
ments, Procedures, and Practices section,



B
‘o

FAILURE DATA ANALYSIS

Hydraulic servocylinder failure data were compiled, categorized,
and analyzed for the CH-47, UH-1H, and AH-1G helicopters to
determine which failure modes produce the majority of unscheduled
removals, This analysis was limited to these three types of helicop-
ters equipped with hydraulic servocylinders., Additionally, these
three types of helicopters represent the bulk of the U,S. Army's
current-inventory helicopters, The investigation was designed te
produce an ordered set of candidates for improvement recommen-
dations. The order of the set concentrates on those candidates that
offer the greatest potential increase in Mean Time Between Failures
(MTBF) for the lowest expenditure of available resources of money
and manpower.

R EILIABILITY AND MAINTAINABILITY MANAGEMENT IMPROVE-

MENT TECHNIQUES (RAMMIT) ANALYSIS

The UH-1H, AH-1G, and CH-47 RAMMIT reports were used as a
basis for identifying and reducing failure data., The two iypes of
RAMMIT reports used in this analysis are as follows:

1. Aircraft Component Time Since Installation, Overhaul or
New (ACTION) Reports

2, Major Item Special Study (MISS) Reports

Aircraft Component Time Since Installation Overhaul or New Analysis

Three ACTION reports (UH-1H, AH-1G, and CH-47) were analyzed
during this investigation., The period covered by each ACTION report
ranged from 1 January 1964 through 30 June 1971. The type of data
in the ACTION report structure provided a rationale for removal in
terms of [Failure Mode (FM) and of Flight Hours Since Last Installa-
tion (TSLI), Since Overhaul (TSLO), and Since New (TSN), for each
part number over a 6-1/2-year period. Table I summarizes the
failure mode data for the UH-1H, AH-1G, and CH-47 helicopters,

In order to use the RAMMIT data most efficiently, the following
procedure was followed:

1. Determine which failure modes comprised the majority
of removals.

2. Determine occurrences (number of removals) affected
by failure modes selected in step 1,
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TABLE I. RAMMIT DATA SUMMARY
Helicopter Model Number
CH-47A AH-1G UH-1H
Percent Percent Percent
of of of
Total Cumu- Total Cumu- Total Cumu-
Failure Fail- lative Fail- lative Fail- lative
Mode ures Percent ures Percent ures Percent
Leaking 42 42 47 47 46 46
Ne Failure 33 75 20 67 33 79
Unknown
Reason 10 85 8 75 6 85
Internal
Failure 7 92 6 81 2 87
Excessive
Wear 3 95 4 85 4 91
Other 5 100 15 100 9 100
Total
Number of
Removals 5298 1688 2056

3. Use these data to point to causes of any or all failure modes.

As indicated in Table I, the primary failure modes are as follows:

1. The Leaking Servocylinder Failure mode accounts for the

greatest single cause for removals,
malfunctioning of the various actuator seals.

This indicates repeated
The potential

causes for these leaking seals are developed in the Require-
ments, Procedures and Practices portion of this report.

2. The No Failure mode includes those servocylinder removals

caused by scheduled maintenance and false diagnosis.

In all

of these removals it is assumed that the servocylinder was
otherwise serviceable, and could have been reinstalled or
returned to inventory for subsequent use.
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3. The Unknown Reason mode accounts for known removals for
wnich a failure cause was not assigned.

4. The Internal Failure and Excessive Wear modes account for
approximately 10 percent of all servocylinder removals,
Analysis shows that these removals occurred at about 300
flight hours since new, This indicates a loading and/or
enviromnental application problem,

5. The Other Failure mode accounts for the remaining servo-
cyli ider removals. These other failure modes comprise a
relatively small percentage of total removals (less than 10
percent),

Major Item Special Study Analysis

Two MISS reports were analyzed during this study. These reports
treated the hydraulic servocylinder used on Ull-1I{ and AII-1 heli-
copters. The period covered in each MISS ranged {from | January
1964 through 30 June 1970,

The MISS results correlate well with the ACTION report data analyzed
during this investigation., The types of hydraulic servocylinders with
the highest failure rate in each MISS were among those types identi-
fied during the ACTION report analysis as producing over 50 percent
of the recorded failures,

Investigation of failure mode analysis of additional aircraft was
considered to be unnecessary because a definite failure mode pattern
was established by the CH-47, AH-1G and the UH-1H helicopter data.
The UH-1 series is therefore considered as a representative baseline
because it exists in the greatest numbers in the Army inventory, and
provides the greatest quantity of relevant data,

FEDERAL AVIATION ADMINISTRATION REGIONAL MALFUNCTION
OR DEFICIENCY "TREND LIST' ANALYSES

The Federal Aviation Administration (FAA) Regional Malfunction or
Deficiency (M or D) '"Trend List' was also examined for servo-
cylinder failure data on general aviation helicopters. Table II displays
a matrix of these nonmilitary servocylinder failure data., In addition,
Airworthiness Directives (AD's) were obtained from the FAA, An
examination of these AD's did not produce data applicable to the

present study.

The FAA data as shown in Table II does not account for nonfailure
removals, in contrast to the RAMMIT data. However, the 'leaking"
failure mode, percentage-wise, corresponds reasonably with the



TABLE II. FAA REGIONAL M OR D "TREND LIST"

General Aviation Helicopt;?.fs
Hydraulic Percent Cumulative
Servocylinder of Total Percent
Failure Mode Failures of Failures
Leaking 36 30
Excessive Wear 46 82
Broken I8 100

Total Nunmver of
Removals

[~
v

servocylinder removal causes in the military environment, Analysis
of time since installation of servocylinders in general aviation heli-
copters reveals a higher flight<hour utilization, This can be
attributed to a less severe operating envelope and environment, and
possibly to more competent maintenance personnel.

NAVY 3M ANALYSIS

Navy 3M data from the Maintenance Support Office at Mechanicsburg,
Pennsylvania, were also examined. The format used did not include
material failure causes for subsystem components, Reports which
track failure modes for certain chosen end items are generated
locally at the user organizations. For instance, at the Marine Corps
Air Facility, Santa Ana, California, such data were being generated.
However, the data did not contain suitable information for the present
analysis, Their emphasis was placed upon avionics systems failures.
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FAILURE MODES AND EFFECTS ANALYSIS

A Failure Modes and Effects Analysis (FMEA) was performed early
in the program to identify the potential failure modes associated with
hydraulic servocylinders, their causes, and their effects upon the
operational performance of various helicopters, This analysis
formed a basis for later detailed analyses of the underlying causes
for the premature failures of the hydraulic servocylinder, The F'MEA
also established the basis for the suggested remedy or solution for
future design and procurement specificotions, maintenance practices
and procedures, and inspections and maintenance verification checks,
These theoretical remedies were then verified or discarded during the
remainder of this investigation,

METHOD OF ANALYSIS

The FMEA provides potential failure inode and effect identifications
for the most prevalent hydraulic servocylinder types used in current-
inventory U.S, Army helicopters., An FMEA was performed for each
pertinent element of representative hydraulic servocylinders.

The columnar headings of the FMEA data sheets are defined as
follows:

1, Item/Function: Identifies a discrete hydraulic servocylinder
type and its function in the helicopter,

2. Failure Mode: Defines the potential failure modes associated
with the functioning of the hydraulic servocylinder identified,

3,  Probable Failure Cause: Identifies the probable causes of the
failure modes, The relevance of these causes is apt to change
during different phases of operations, so consideration
was given to the dynamics of the operation, rather than the
likelihood of occurrence,

4, Failure Effect-——Subassembly: Identifies the effect of the
potential failure on the performance of the hydraulic servo-
cylinder assembly by itself without consideration of the
other related components or functions of the subsystem,

5. Failure Effect—Next Assembly: Identifies the effect of the
failure in combination with other components or functions to
determine if there is either a compounding or mitigating
effect on the actuated subsystem,



Failure Effect—End Item: !dentifies the failure effect in
combination with other subsystems or functions to determine
if there is either a compounding or a mitigating effect on the
helicopter and/or flight crew,

Design/Maintenance Compensating Provisions: Defines the
manner in which the existing design features compensate for
the failure mode and/or reduce the probability of occurrence,
The maintenance provision available to reduce the probability
of occurrence is based upon the assumption that preventive
maintenance schedules are strictly adhered tc as provided in
the applicabie Technical Manual (TM),

Remarks/Recommendations: Presents remarks pertinent to
the usage and recommendations involving interface with other
systems. Presents recommended corrective actions whenever
possible,

The following procedure is used on the FMEA forms in order to
eliminate needless repetition of phrases in the '""Design/Maintenance
Compensating Provisions' and "Remarks/Recommendations"

columns:

L,

Each '""Probable Failure Cause' associated with a distinct
"Failure Mode' is assigned a number,

Then the Design/Maintenance Compensating Provisions
and/or Remarks/Recommendations are presented as they
minimize or eliminate each particular numbered Probable
Failure Cause (or group of causes) that contributes to the
specific Failure Mode being addressed,

FAILURE ANALYSES

Failure analyses of 3 representative hydraulic servocylinders were
performed to identify typical causes of failure modes and their effects.
The 3 hydraulic servocylinders and their functional purposes selected
for the analyses are as follows:

l-

UH-1H Collective Pitch and Cyclic Hydraulic Servocylinder —
The collective pitch hydraulic servocylinder reduces opera-
tional loads on the collective pitch control system and
facilitates pilot control of the helicopter, The cyclic control
hydraulic servocylinders redi.ce the effort required for
control and reduce feedback of forces from the main rotor,
One irreversible valve is attached to each servocylinder for
both collective and cyclic control systems, The irreversible
valve permits hydraulic fluid to flow only toward the servo-
cylinder., The valve prevents flight-induced loads (fecdback



forces) from being transmitted back to the pilot's control
stick, The irreversible valve also provides the pilot with
safe control of the helicopter in the event of a hydraulic
system failure,

2, OH-6 One-Way l.ocking Actuators—The cyclic control
system one-way lock (Uniloc) is essentially a self-contained
closed-loop hydraulic unit, An intergal check valve prevents
unwanted aft movement of the cyclic stick and shunts the
feedback force into the airframe structure,

3. CH-47 Stick-Boost Dual Acting Cylinder — Four stick-
boost actuating cylinders are used in the flight control
system, These four cylinders transmit the control
forces from the cockpit controls tu the forward upper
and aft flight controls, The four cylinder controls are
for pitch, roll, yaw, and thrust,

These 3 sclected designs display the majority of the current design
concepts for hydraulic servucylinders and lend themselves to illustrate
the intent of this technical report. Consequently, the FMEA's were
limited to these 3 types of hydraulic servocylinders,

In general, the hydraulic servocylinder amplifies the pilot's control
stick forces to the rotor., It also dampens sudden and/or excessive
forces from being applied to the pilot and/or copilot by the rotor
(i.e., feedback).

The irreversible valve is included in the UH-1H servocylinder FMEA
for completeness and to facilitate comprehension of the cause-and-
effect relationships that are relevant to the UH-1H situation,

Figure 1 is an exploded view of the UH-1H collective/cyclic hydraulic
servocylinder, The physical and functional interrelationships between
all the parts shown make them inseparable when failure modes and the
effects of either are considered in any detail. The FMEA for this
servocylinder is shown in Figure 2, The Uniloc for the OH-6 is shown
in Figure 3 and its FMEA in Figure 4, Figures 5 and 6 show the
CH-47 actuating cylinder and its FMEA (respectively).

The primary failure mode of all these servocylinders was external
leakage, The largest contributing factors for this failure mode were:

1. Worn barrel surfaces (except CH-47),

2, Worn and deteriorated seals, scrapers and tetrafluorethylene
(TFE) cap sleeves,
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3. Side loading induced by transverse vibration into the
servocylinder,

4, Inadequate design constraints placed upon the design, whereby
the requirements of the Army's operational environment exceed
the inherent design of the servocylinder,

S The results of the FMEA and failure data analyses display a predominant

i and parallel theme: leaking is the most prevalent failure mode, and its

E probable causes are the same for the servocylinders investigated. The

3 CH-47 actuating cylinders steel barrel design, versusthe generally
accepted practice of using aluminum alloys, eliminated the leaking

L failure mode.
Therefore,in the interest of comprehension, the UH-1H hydraulic
servocylinders will be used in the remainder of this report to represent

g all U,S, Army helicopter hydraulic servocylinders.
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REQUIREMENTS, PROCEDURES, AND PRACTICES

An analysis was conducted in the areas of requirements, procedures,
and practices as a part of this study to identify the underlying basis of
those servocylinder deficiencies that result in the lower than desired
availability of U.S. Army helicopters. The basic areas analyzed were:

1. Design Requirements

2. Quality Assurance Provisions

3. Maintenance Procedures and Practices
4, Test Requirements and Procedures

Each of these requirements, procedures, and practices was then
reviewed as to its ability to satisfy the basic performance require-
ments defined in MIL-C-5503C (''General Requirements for Aero-
nautical Hydraulic Actuating Cylinders') for the cylinders and in
MIL-V-7915 ("Valves, Hydraulic, Directional Control, Slide Selector'')
for the mechanical hydraulic power control valves., Whenever control
documentation anomalies were found, they were documented along with
their potentially resulting failure modes and the possible impact upon
the performance of the hydraulic servocylinder in the U.S. Army
usage environment,

Table III presents an overview of failure modes induced by deficiencies
in requirements, procedures and practices. Identified for analysis
during this program were 24 possible contributors to prematnre fail-
ure of systems equipments and components. Nineteen of these were
considered as probable contributors to the leaking failure mode. At
the other extreme, erroneous removal (no failure) is considered to
result only from maintenance procedure and practice deficiencies.

DESIGN REQUIREMENTS ANALYSIS

This analysis was performed to evaluate the cause-and-effect relation-
ship between the failures and the design requirements and component
procurement process used by the U.S. Army. The following were
investigated:

l. Specification control documents and drawings '
2, Component selection criteria

3. Military specifications and standards
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4, Contract specifications
5. Design requirements at the component level
6. Degree of compliance to the design requirements'
Each of these areas was analyzed separately to determine if the U. S.

Army operational and environmental requirements and constraints
were adequately considered and incorporated.

Specification Control Documents and Drawings

The specification control documents and drawings for U.S. Army
hydraulic servocylinders and their constituent components are the
basic guidelines used to control the design and procurement of
hardware.

These documents were analyzed to determine the following (see
Table IV):

1. Were applicable documents adequately incorporated?

2. Were U S, Army operational envelope (environmental)
requirements adequately incorporated?

3. Did drawings include applicable tolerances that were
realistic?

4, Were reliability and maintainability requirements stated
or provided?

Applicable Requirements Documents

The analysis of the drawings summarized in Table IV reveals
clear deficiencies in the incorporation of necessary requirements.
In no case did these drawings refer to such controlling documents
as the following;

l. MIL-C-5503C, ""General Requirements for Cylinders,
Aeronautical, Hydraulic Actuating"

2. MIL-V-7915, "Valves; Hydraulic, Directional Control,
Slide Selector"
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U.S. Army Operational Envelope

The drawings listed in Table IV were analyzed to determine if
they imposed either operational or environmental requirements
down to the component parts level. The only requirements
found were related to the stroke length of the actuator. These
deficiencies introduce gaps in verified performance capabilities
that allow the hydraulic servocylinder to fail to meet the oper-
ational and environmental requirements, These ancmalies also
result in equipment malfunctions, decreased helicopter availa-
bility and increased maintenance costs. Subsequent equipment
modifications may be necessary if the anomaly is sufficiently
serious. This situation also results in the likelihood of prema-
ture removal of the equipment for such failure modes as leaking.

Tolerance Requirements

Equipment tolerances are essential for the specific application
for which the unit is being procured, MIL-STD-100A (Engineer-
ing Drawing Practices) and USAS-114,5, Y14,5 1966 (Dimension-
ing and Tolerances for Engineering) provide the standards and
provisions for the incorporation of such tolerances. However,
the helicopter and its constituent flight control subsystem
determine the specific tolerances required for the hydraulic
servocylinder. Tolerances that are too stringent or too loose
result in equipment performance problems. Tolerances that are
too stringent result in increased friction and hysteresis induced heat
buildup with resultant premature wearout of such components as
"Q' ring seals/packings. Tolerances that are too loose

result in premature leakage of hydraulic oil due to the increased
tolerances. Both of these conditions result in higher life-cycle
cost, the former by increased engineering, manufacturing and
rejection rate costs and the latter by increased maintenance and
logistics costs. Tolerance buildup problems result in either the
lack of adequate sealing surface or excessive friction, Both of
these problems result in premature leaking of servocylinders.
The ¢xcessive friction may result in actuator binding or in
erratic or stiff flight controls.

The summary of the drawings analysis shown in Table IV reveals
that some drawings did not incorporate reasonable tolerances,
'I'his is probably due to MIL-STD-100A and USAS-114,5 1966 not
being imposed by the specification control drawings during the
initial design phase.
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Reliability and Maintainability Requirements

The documentation analyzed did not contain reliability and main-
tainability quantitative or qualitative requirements. This results
in a high likelihood of occurrence of certain failure modes,
especially those asso:iated with premature wearout or improper
maintenance. These failure modes usually are binding or leaking.

Component Selection Criteria

Component selection criteria provide the basis for decreased life-

cycle cost with relationship to the desired availability. That is, the
criteria established for selecting components must consider both the
desired availability and life-cycle cost constraints, Most components
used in hydraulic servocylinders are governed by military specifications.
MIL-H-8875C, '"General Specification for Hydraulic System Components,
Aircraft and Missiles, " delineates the requirements for the constituent
components for hydraulic systems. Also, specifications such as
MIL-C-5503 delineate the requirements for specific equipment.

The analysis of this section demonstrates that the requirements of
MIL-H-8775C or MIL-C-5503C were not imposed in the original
specification control documentation used to procure various hydrau-
lic system components, Therefore, there is no adequate assurance
that components presently being used within existing inventory
helicopter hydraulic systems meet military design performance
requirements,

Military Specifications and Standards

The various military specifications and standards which govern the
design and manufacture of hydraulic servocylinders were analyzed to
determine compliance with MIL-STD-490, Figure 7 presents

the provisions of MIL-STD-490 as related to helicopter hydraulic
servocylinder specifications.

These requirements and provisions must be considered in the design
and procurement of equipment to ensure that the life-cycle cost of the
equipment will be minimal in the U.S. Army operating environment.

The general specifications specifically governing hydraulic servo-
cylinders are MIL-C-5503C, MIL-V-7915, MIL-G-5514F, and
MIL-S-5049B. As shown in Table V, these specifications and those
relating to flight control systems contain insufficient requirements to
control the life-cycle cost of the hydraulic servocylinders. The noted
specifications were written primarily for fixed-wing aircraft and for
U.S. Navy and U.S, Air Force operating environments. Consequently,
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these documents do not consider either the helicopter or the U.S. Army
operating profiles. This results in an increased likelihood of pre-
mature failures. An example of a deficiency in a specification failing
to meet the operational requirements of the Army is MIL-S-5049B,
This specification is applicable to the design of piston rod end
scrapers, which keep contaminants from being ingested into

the hydraulic servocylinders. However, recent tests using Vietnam
coral dust revealed that none of the rod end scrapers completely
eliminated the ingestion of this minute but very abrasive substance.
The resultant anomalies in the equipment performance were discussed
under the heading of Specification Control Documents and Drawings.

The failure mode that is mas likely to occur as a result of inadequate
military specifications is leaking. This judgment is based upon the
rationale that the sealing requirements of servocylinders are the
most critical design element and thus the most likely to fail if specifi-
cations are inadequate.

Contract Specifications

Interviews with various helicopter and servocylinder manufacturers
revealed the absence of a formal set of performiince requirements,

The main vehicle used by the helicopter manufacturers to define the
requirements for their vendors is the specification control drawing.
These drawings were reviewed and found not to contain U,S. Army
helicopter operational requirements. To minimize currently experi-
enced hydraulic servocylinder failure modes, sufficient Army heli-
copter operational requirements must be included in order that the
designer can design to the projected operating environment.

When realistic requirements in the contract specifications are imposed
on the contractor, the likelihood of failure modes such as leaking is
minimized. Servocylinder hydraulic leaks are usually the result of
inadequate parameters being supplied to the designer.

Design Requirements To Eliminate Induced Failures

The most probable failure causes listed in the Failure Modes and
Effects Analysis section of this document for external leakage of
hydraulic fluid are as follows:

1, Side loading due to transverse vibrations

2., Worn rod end scrapers
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3. Worn packings/seals

4, Packings/seals damaged during installation
5. Worn piston rod surfaces

6. Improper filtration of hydraulic oil

7. Worn TFE cap sleeves

These are all possible causes of induced servocylinder failures.
Source control drawings generally call out the specific vendor part
number of the components required for the servocylinder. As shown
in the specification control documentation analysis, these documents
did not impose the required military specification and military
standards on the servocylinder design for use on Army helicopters.

Failure induced by side loading could be prevented by imposing design
requirements on flight control systems such that all of the component

parts, i.e., servocylinders, are compatible with the helicopter oper-
ational requirements. However, the source control drawings did not

impose such a system compatibility requirement on the servocylinder
design.

Excessive wear of rod end scrapers, packings/seals, TFE cap sleeves
and piston rod surfaces is part of a vicious circle which can be pre-
vented in a number of ways. The premature wear of any of these
components will allow seepage of hydraulic oil that will accumulate on
the piston rod surfaces and attract contamination. This in turn will
accelerate the wear of these components, which increases the hydrau-
lic seepage into the category of a hydraulic leak (more than 1 drop in
200 cycles). One major design innovation that should be imposed on the
servocylinder is in the area of allowable leakage. MIL-C-5503C allows
1 drop of hydraulic fluid per 25 cycles; this also is the reject

criterion during maintenance actions, This is but one example of
inadequate design requirements inducing failures of hydraulic
servocylinders.

Inadequate filtration of hydraulic oil is a cause of failure which could
be prevented by insuring that adequate preventive maintenance pro-
cedures are imposed with respect to filtration. The design of the
helicopter must consider the frequency with which hydraulic filters
must be checked and replaced. The filters also should be designed
such that the indicator button cannot be reset without replacing the
filter. Hydraulic servocylinder tolerances must also consider
hydraulic system filtration to insure that adequate filtration exists
to prevent failures induced by allowable system contamination.
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The basic design requirements must be functionally representative of
the operational and environmental requirements. That is, the U.S,
Army requirements for the helicopter operations must be the basis
for establishing a typical mission profile. This mission profile, with
the required availability and life-cycle cost considerations included,
should then be utilized in determining design constraints for the
hydraulic servocylinder and its constituent components, This investi-
gation did not uncover design requirements specifically tailored toward
the reduction of failures. Inherent or induced failures such as leaking
usually occur when either of these parameters (helicopter availability
or life-cycle costs) is either inadequately examined or not considered
duiing the design phase. When these potential failures are not
eliminated during the conceptual and/or design phases, lower heli-
copter availability will result.

Degree of Compliance to the Design Requirements

The design requirements presently being imposed upon the airframe
and component manufacturers are of little value to the Army because
of its present operational environments. The design requirements
that are provided by MIL-C-5503, MIL-V-7915, MIL-G-5514F, and
MIL-S-5049 were primarily intended for U.S. Air Force and U,S.
Navy fixed-wing aircraft, It appears the manufacturers do comply
with those requirements that are directly imposed upon them. Those
requirements that could reasonably be inferred by type of item being
procured and from the known operational environment involved

are usually not imposed on the design in order to reduce the initial
procurement costs, The most obvious of these was indicated

by most U,S, Army servocylinder suppliers, If suppliers design

to requirements more stringent than those imposed by the control or
military specifications, they become noncompetitive on cost alone.
This objection could be overcome by imposing realistic requirements
as dictated by the operational environment and by using life-cycle
cost, not initial cost, as the primary cost measuring tool,

Without a Quality Assurance (QA) program, there is no certification or
documentation to indicate compliance with specification control docu-
ments and drawings, military specifications, on contract specification
design requirements to eliminate induced failures. No evidence of
component selection criteria or overall military specification for the
hydraulic servocylinder was found while reviewing specification
control drawings.

Many of the problems with current-inventory helicopters were the
result of the U.S. Army requirement for a large quantity of helicop-
ters in a short period of time for use in Southeast Asia. As a con-
sequence, design concepts for commercial helicopter applications
were used for military versions of similar helicopters. Because of
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this urgent need for helicopters, availability of similar commercial
design concepts and competition for available funds, numerous excep-
tions to military specifications were granted, While this procedure
was an acceptable standard under the above conditions, definitive steps
must be taken in the future to insure that all operational requirements
are incorporated into the design of military equipment.

The benefits to be derived from incorporating all Army operational
requirements into the basic design are as follows:

l. Decreased failure rates

2. Decreased maintenance man-hours
3. Increased availability

4. Decreased logistics requirements

5. Lower life-cycle cost for the helicopter system

QUALITY ASSURANCE

This analysis was performed to evaluate the cause-and-effect relation-
ship between the failures in the hydraulic servocylinders and the quality
assurance deficiencies. The areas that were specifically investigated
are as follows:

l. Vendor quality control and shipping inspection

2. Receiving inspection

3. Initial installation procedures

4, Functional test procedures

5. Mandatory inspection points

6. Component sampling procedures

7. Degree of compliance to the QA requirements

Vendor Quality Control and Shipping [nspection

This study revealed that only the most rudimentary quality assurance
procedures are being used by the vendors or U.,S, Army depot organi-
zations., A comprehensive QA Program Plan did not appear to be in
existence at any of the vendors involved. Some vendors did display
QA procedures for certain phases of their operation, but these
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procedures did not indicate the existence of a general or specific QA
Program Plan. For example, Leakage Test Procedures required
only a few cycles for certification. None of these procedures were
comprehensive enough to follow the product from raw material or
component part reception inspections through packing and shipping
inspections,

In fact, none of the procedures reviewed incorporated either receiving
or shipping inspections. Recommendations to attain the necessary
design verification for future procurements are presented in the
Revisions section of this report.

The failure modes most likely to occur as the result of inadequate
vendor QA procedures are leaking due to damaged gland seals or
scrapers, longitudinal scratches on the piston or barrel surfaces,
and surface finishes out of tolerance so that an effective seal cannot
be maintained. Also, improper packaging could cause damage to
piston surfaces, causing leakage past the gland seals.

Airframe Manufacturer Receiving Inspection

Vendors' parts received by airframe manufacturers are not usually
inspected. Hydraulic servocylinders are normally manufactured and
functionally inspected by the vendors. They are received and installed
upon the helicopters without any additional QA inspections being per-
formed. Operational and mechanical inspections are next performed
upon a completed helicopter. This identical procedure is also used by
Army overhaul facilities such as ARADMAC. The airframe manu-
facturers did indicate that received and/or source inspections would
be instituted if recurring failures of a specific design are noted during
the completed helicopter QA inspections.

It appears from this analysis that either the airframe manufacturers do
not feel that the hydraulic servocylinder failures are significant enough
to institute receiving inspections, or that receiving inspection benefits
would not appreciably enhance the overall operational performance of
the servocylinder, The operational checks of the servocylinder after
installation could be constituted as a receiving inspection under the
rationale previously discussed. However, if the vendor is not required
to perform quality control inspections prior to shipment, the airframe
manufacturer should institute some form of sampling technique to in-
spect the received servocylinders.

The most prevalent failure mode that could he reduced or eliminated
is binding, where damage during transit has caused the actuator to be
bent or jammed. This type of damage usually results from improper
packing for shipment from vendor to airframe manufacturer. There-
fore, whenever improper packaging is noted, a reviewing operational
inspection should be required prior to installation in the helicopter.
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Initial Installation Procedures

The individual helicopter manufacturers visited during this study did
not provide any evidence of the existence of formal initial installation
procedures for hydraulic servocylinders.

The initial installation procedure deficiencies that presently exist with-

) in the U.S. Army are developed more specifically in the analysis of the

g maintenance manuals. The required maintenance verification necessary
§ to validate the adequacy of the servocylinder installation by Army mainte-
nance personnel is also discussed in the analysis of maintenance manuals,

The servocylinder faiiure modes that can be attributed to this lack of
adequate installation procedures are as follows:

1. Air in the hydraulic system
2. Leakage around gland seals
3. Misalignment
v 4. Interference
5. Improper torquing of attach points
6. Safety wiring of nuts and bolts
7. Excessive friction between gland seals and piston/barrel

surfaces

;_ Functional Test Procedures

! Functional testing was found to exist in a very rudimentary form at
¥ some of the hydraulic servocylinder manufacturers. The functional
test usually involved cycling the servocylinder for a fixed number of
cycles and checking for leaks. In no case were the servocylinders
loaded. The U. S. Army maintenance personnel at both the Organi-
zational and Depot (at the flight line and/or assembly area) mainte-
nance levels do not attempt to check out a servocylinder prior to
installation in a helicopter.

Depot overhaul (shop) maintenance procedures do require a functional
test of the hydraulic servocylinder after overhaul. The test procedures
used at ARADMAC for functional testing of hydraulic servocylinders
were very specific and detailed. I{owever, tests for leakage allow 1
drop in 25 cycles, which is considered to be inadequate as a leakage
accept/reject criterion,
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The performance of realistic functional tests prior to installation results
in detection of leaks and binding beiween the piston and the barrel. The
result is increased helicopter availability.

Mandatory Inspection Points

Because of the inherent design and interface of hydraulic servo-
cylinders with other systems and components, certain inspection
criteria should be clearly enumerated on QA inspection sheets for
helicopter installation, Also, certain inspection criteria and check
points must be enumerated on QA inspection sheets for use by servo-
cylinder manufacturers,

As discussed in the Maintenance Analysis portion of this report, mainte-
nance verification provisions are not imposed by the applicable technical
manual. Instead, they are indirectly imposed by TM38-750, the Army
Maintenance Management System (TAMMS),

The failure modes that would be minimized by QA and maintenance veri-
fication inspections of mandatory points are as follows:

l. Binding of the servocylinder due to improper installation
2, Leakage arcund piston seals due to oversized tolerances

and/or contamination of piston rod surfaces

Component Sampling Procedures

Component sampling procedures for helicopter servocylinders are not
specifically spelled out by the manufacturers and/or the Army. The
seal manufacturers do some sampling on their own. The degree and
comprehensiveness are functions of the particular seal manufacturer's
self-imposed stardards, When military standard seals are used, that
standard specifies the sampling procedures that must be adhered to.

However, no evidence of the sampling procedures as delineated
in the applicable military specification was found at these seal
manufacturers,

Component sampling is instituted by servocylinder manufacturers
only when they find that a particular supplier's parts are causing re-
curring problems.

The failure modes that would be minimized by component sampling pro-
cedures are as follows:

1. Leaking caused by inadequate sealing surfaces

2. Binding caused by excessive friction or mechanical tolerance
buildup
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Degree of Compliance to the Quality Assurance Requirements

The vendors contacted have not had quality control or shipping inspec-
tion procedures formally imposed upon them by helicopter manufactur-
ers. Coupled with this is the absence of a military specification
requirement for a thorough receiving inspection by the airframe
manufacturer,

It may be that only the highest quality commercial parts are being used,
but this does not mean that these components meet or exceed the
quality required by the military specification. To demonstrate that
commercial and military standard parts reflect the quality required

by the applicable military specification, such requirements as com-
ponent sampling and functional tests must be performed. There was
some evidence of sampling for the purpose of QA by the gland seal
vendors. No data were available to indicate the level of quality or the
degree of conformity to the military specification requirements.

Neithrr installation procedures, mandatory test procedures, nor
functional test procedures were furnished by the airframe manu-
facturers. They claim to have such procedures and to use these pro-
cedures, but, because of proprietary rights, they could not

divulge them, Mandatory testing points for use by U,S, Army mainte-
nance verification personnel are indirectly set forth in TM38-750 but
not by the applicable TM (i.e., TM55-1520-210-20), so Army facilities
could hardly be expected to comply,

MAINT ENANCE PROCEDURES AND PRACTICES

The analysis in this section identifies the problem areas associated
with the following:

l. Technical maintenance rnanuals
2. Periodic preventive maintenance inspection cards
3. Component shelf life
4, Failure criteria and detection methodology
5. Maintenance skills and training
6. Special equipment and tool requirements
7. Component accessibility
Also presented is the degree of compliance with existing technical

references when performing each level of maintenance on U.S.
Army helicopter flight control hydraulic servocylinders.
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Maintenance Manuals

The various manuals which govern the maintenance, inspection,
replacement, and checkout of hydraulic control system servocylinders
were reviewed and analyzed to determine their effect upon hardware
performance. The manuals were examined to determine whether:

l. Applicable documents are adequately considered for technical
reference.

2. Assignment of Level of Repair (LLOR) is responsive to hardware
operational requirements and constraints.

3. The applicable subsystem to be repaired is adequately
described.

4, All adjustment procedures, including tolerances, are
provided.

5. Material/manpower requirements are specified, including
special tools and test equipment.

6. Skill levels required to perform assigned maintenance tasks
are given,

The general tone of a technical manual,as well as the frequency of
reference to other manuals, can encourage or discourage its use as a
tool in maintenance procedures. Reliance on practical experience
rather than "'going by the book' often causes many of the maintenance~
induced failure modes such as leaking or binding in servocylinders.

Level of Repair

The maintenance level for disassembly, repair, and test of hydrau-
lic servocylinders requires a ''shop' environment with special tools,
clean rooms, and pressure test benches. This is clearly beyond
the possible organizational level application of effort.
TM55-1520-210-34 (Direct Support/General Support [DS/GS))
addresses shop level maintenance, but does not include overhaul
and test procedures for hydraulic servocylinders within the

manual. The mechanic is required to refer to TM55-1650-312-40
for these procedures.,

Repair of hydraulic servocylinders in the Army is depot-level
maintenance, according to interviews in the field. However,
""leakage only' failures could be handled at DS/GS level if there
is no metal damage. According to the MISS data, 45 percent of
servocylinder (UH-1H) removals occur within the first 100 flight
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hours after servocylinder overhaul. This points to overhaul
induced failures leading to premature leaking, which accounts
for the early failures documented in the MISS report.

Subsystem Description

The DS/GS maintenance manual does not offer any functional
description or mechanical purpose of the system or subsystem.
While this omission may not be significant to performance of the
more experienced mechanic, the performance of the less
experienced mechanic may be adversely affected.

Lack of technical information such as component location, function,

part numbers, etc., will contribute to any of the maintenance-
induced failure modes (refer to Table III).

Adjustment Procedures

The only adjustment or tolerance data included in the maintenance
manuals are torque and pressures. Clearance and wear tolerance
information is not presented., This lack of information can be

the indirect cause of the excessive-wear failure mode.

Materiai/Manpower Requirements

Materials are specified only as included in a maintenance pro-
cedure. Neither organizational nor DS/GS maintenance manuals
specify manpower requirements.

Indirectly, omission of manpower requirements can dilute the
overall maintenance effort due to lack of management visibility of
the continuing workload. This affects helicopter availability and
all maintenance-related failure modes.

Skill Level Requirements

Skill levels required to perform specific maintenance tasks are
not identified in the Army TM's, Skill level should be identified
in terms of Military Occupation Specialty (MOS) in combination
with pay grade and experience. Assignment of inadequately
skilled maintenance personnel to perform maintenance is a cause
factor for leaking and erroneous removal failure modes,
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Periodic Inspections

The various types of preventive maintenance inspections which affect
the readiness condition of the helicopter were examined for the
following:

1. Frequency and interval criteria

2, Clarity and thoroughness of procedures

3. Material and manpower requirements
The daily, intermediate, and periodic nreventive maintenance inspec-
tions are intended to be performed at tne organizational level and are
designed to correct deficiencies before malfunctions occur. These
inspection procedures were investigated relative to preventive mainte-

nance on hydraulic servocylinders.

The AH-1G Cobra, UH-1H Iroquois, and the CH-47A Chinook preven-
tive maintenance manuals were used as reference material in the
following subsections.

Inspection Intervals

Inspection intervals are established at flight-hour intervals rather
than at calendar intervals, While this may not directly affect
component performance, the management of this system is diffi-
cult due to the uncertainty of predictiors concerning the accumu-
lation of flight hours on ary particular helicopter, Critical inspec-
tions are degraded, and maintenance management is under duress
when an unusually large number of aircraft are at an inspection
interval at any one time.

1. Inspection Procedures (Daily): Sequence Numbers from
the Preventive Maintenance Daily (PMD) Inspection
Checklist (TM55-1520-210-PMD) would apply to inspec-
tion of hydraulic servocylinders in the control system
and are shown in Figure 8,

2. Inspection Procedures (Intermediate): Sequence Numbers
from the Preventive Maintenance Intermediate (PMI)
Inspection Checklist (TM55-1520-210-PMI) would apply
to inspection of hydraulic servocylinders on a 25-flight-
hour interval basis and are shown in Figure 9.
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DAILY INSPECTION CHECKLIST TM 66-1620-210-PMD

Seq.
No.

Freq.

Item and Procedure

34

4.1

4G rpies

4.5

Figure 8.

CENTER FUSELAGE AREA
CRITICAL INSPECTION ITEM

CONTROL LINKAGE AND HYDRAULIC
CYLINDERS IN FUSELAGE BELOW
PYLON FOR SECURITY, DAMAGE,
AND EVIDCNCE OF LEAKS FROM
CYLINDERS AND CONNECTING
LINES. CAREFULLY INSPECT (BY A
FEEL TEST) THE RETAINER (PN
100821 OR P/N 100621-1) FOR
LOOSENESS.

PYLON AREA
CRITICAL INSPECTION ITEM

MAIN ROTOR PILLOW BLOCK
AND GRIP RESERVOIRS FOR OIL
LEVEL, LEAKAGE AND CONTAMINA.
TION’ HUB ASSEMBLY, BLADE GRIPS,

PITCH HORNS AND DRAG BRACES FOR

VISIBLE DAMAGE AND SECURITY.
BLADES FOR VISIBLE DAMAGE
AND SECURITY.

CRITICAL INSPECTION ITEM

SWASHPLATE, SCISSORS AND SLEEVE,
AND CONNECTING LINKAGE FOR
SECURITY AND VISIBLE DAMAGE.
VISUALLY INSPECT CONTROL LUGS
(3 EA.) ON SWASHPLATE INNER
RING FOR CRACKS. VISUAL INSPEC-
TION IS ALSO REQUIRED ON
SWASHPLATE WITH LOAD TRANSFER
DEVICES INSTALLED; PLATES DO
NOT HAVE TO BE REMOVED TO PER.
FORM THIS INSPECT!ON.

Daily Inspection Checklist.
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INTERMEDIATE INSPECTION CHECKLIST TM 55-1520-210-PMi

Seq.

7 A it

No. Freq. Item and Procedure

CENTER FUSELAGE AREA
CRITICAL INSPECTION ITEM

34 CONTROL LINKAGE AND HYDRAULIC
CYLINDERS IN FUSELAGE BELOW
PYLON FOR SECURITY, DAMAGE,
AND EVIDENCE OF LEAKS FROM
CYLINDERS AND CONNECTING

PYLON AREA
CRITICAL INSPECTION ITEM

4.1 MAIN ROTOR PILLOW BLOCK AND
GRIP RESERVOIRS FOR OIL LEVEL,
LEAKAGE AND CONTAMINATION.
HUB, BLADE GRIPS, PITCH HORNS,
AND DRAG BRACES FOR VISIBLE
DAMAGE AND SECURITY. BLADES
FOR SCRATCHES, NICKS, DENTS,
EROSION OF LEADING EDGE,

AND EVIDENCE OF BOND FAILURES.

CRITICAL INSPECTION ITEM

4.5 SWASHPLATE, SCISSORS AND SLEEVE,
AND CONNECTING LINKAGE FOR
SECURITY AND VISIBLE DAMAGE.
VISUALLY INSPECT CONTROL LUGS
(3 EA.) ON SWASHPLATE INNER

RING FOR CRACKS. VISUAL
INSPECTION IS ALSO REQUIRED ON
SWASHPLATE WITH LOAD TRANSFER
DEVICES INSTALLED; PLATES DO
NOT HAVE TO BE REMOVED TO PER-
FORM THIS INSPECTION.

CRITICAL INSPECTION ITEM

4.7 HYDRAULIC SYSTEM COMPONENTS
AND LINES FOR SECURITY, DAM-
AGE, AND EVIDENCE OF LEAKS.
RESERVOIR FOR FLUID LEVEL AND
PRESENCE OF CONTARINANTS
FILLER CAP SEDIMENT SCREEN AND
VENT SCREEN FOR CLEANLINESS.
WIPE CLEAN ALL EXPOSED PISTON
RODS. HYDRAULIC FILTER FOR
APPEARANCE OF RED INDICATOR
BUTTON.

Figure 9. Intermediate Inspection Checklist.
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3. Inspection Procedures (Periodic): Sequence Numbers
from the Preventive Mainterince Periodic (PMP) Inspec-
tion Checklist (TM55-1520-210-PMP) present an example
of the 100-flight-hour interval inspection procedures
followed by the U,S. Army for hydraulic servo-
cylinders, This procedure is shown in Figure 10,

A review of these procedures reveals that the U.S. Army does not
adequately define many specific details and inspections that are con-
sidered mandatory for effective maintenance. The preventive main-
tenance inspection checklist does not provide tolerances nor adequate
references for these tolerances. These checklists should either
provide tolerances or adequate references to other applicable U.S.
Army documents such as the helicopter TM. Additionally, only gen-
eral reference is made to the hydraulic servocylinders and not to a
specific check that must be accomplished. This general reference
can only lead to important areas not being inspected by the already
overburdened crew chief.

Maintenance Verification

A mechanic or technician should not inspect his own work--
especially in critical systems that involve safety of flight, Mainte-
nance verification is the most glaring omission, and is a major
contributing cause of poor maintenance of hydraulic servocylinders.

None of the Army helicopter organizational or depot maintenance
level technical manuals specify, or even allude to, maintenance
verification checks. TM38-750 indirectly imposes such mainte-
nance verification checks for maintenance on items that directly
affect the flight safety of the helicopter. These maintenance verifi-
cation checks shouid be clearly delineated in the helicopter TM; the
absence of this required check is an indication of the inadequacy of
MIL-M-630626(TM).

MIL-M-63026(TM) is the military specification for the presentation

of U.S. Army technical manuals. A review of this military specifi-
cation revealed that no direct requirement for maintenance verifica-
tion checks was imposed during preparation of the TM's,

Preventive Maintenance Conclusions

The following patterns become apparent when examining the Army
preventive maintenance procedures:

1. Theoretically, the ""best birds'' cycle in and out of preventive
maintenance inspections more often than the "worst birds''.
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PERIODIC INSPECTION CHECKLIST T?A 55-1520-210-PMP

Freq.

ftem and Procedure

3.4

4.1

CENTER FUSELAGE AREA

CRITICAL INSPECTION ITEM

CONTROL LINKAGE AND HYDRAULIC

CYLINDERS IN FUSELAGE BELOW
PYLON FOR SECURITY, DAMAGE, AND
EVIDENCE OF LEAKS FROM CYLINDERS
AND CONNECTING LINES. CHECK CYCLIC
AND COLLECTIVE CYLINDERS FOR PROPER
CLEARANCE BETWEEN SERVO VALVE
AND INPUT LEVER ADJUSTING
SCREW. CHECK CYCLIC AND COLLEC
TIVE CYLINDERS FOR SECURITY OF
THE RETAINER AND TO ASSURE THAT
THE TAB WASHER TANGS ARE BENT AND
MAKING CONTACT WITH FLATS ON THE
RETAINER. CAREFULLY INSPECT (BY
A FEEL TEST) THE RETAINER
(P/N 100621 OR P/N 100621-1) FOR
LOOSENESS.

PYLON AREA

CRITICAL INSPECTION ITEM

MAIN ROTOR PILLOW BLOCK AND
GRIP RESERVOIRS FOR OIL LEVEL,
LEAKAGE AND CONTAMINATION.
HUB, BLADE GRIPS, PITCH HORNS,
AND DRAG BRACES FOR VISIBLE
DAMAGE AND SECURITY. FLUSH
PILLOW BLOCK. BLADES FOR
SCRATCHES, NICKS, DENTS,
EROSION OF LEADING EDGE, AND
EVIDENCE OF BOND FAILURES.

Figure 10. Periodic Inspection Checklist.
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CRITICAL INSPECTION ITEM

45 SWASHPLATE, SCISSORS AND SLEEVE,
AND CONNECTING LINKAGE FOR
SECURITY AND VISIBLE DAMAGE.
VISUALLY INSPECT CONTROL LUGS
(3EA.) ON SWASHPLATE INNER
RING FOR CRACKS. VISUAL IN-
SPECTION IS ALSO REQUIRED ON
SWASHPLATE WITH LOAD TRANSFER
DEVICES INSTALLED; PLATES DO
NOT HAVE TO BE REMOVED TO
PERFORM THIS INSPECTION. CHECK
FOR EXCESSIVE PLAY IN BEARINGS
AND BUSHINGS AND BETWEEN
COLLECTIVE SLEEVE DRIVE PLATE
AND MAST.

CRITICAL INSPECTION ITEM

48 HYDRAULIC SYSTEM COMPONENTS
AND LINES FOR SECURITY, DAMAGE
AND EVIDENCE O™ LEAKS.
RESERVOIR FOR FLUID LEVEL.
RESERVOIR FILLER CAP SEDIMENT
SCREEN FOR CONDITION AND
CLEANLINESS. TAKE OIL SAMPLE
FROM BOTTOM OF THE HYDRAULIC
RESERVOIR, IF CONTAMINANTS ARE
EVIDENT, FLUSH SYSTEM AND
RESERVOIR. WIPE CLEAN ALL
EXPOSED HYDRAULIC PISTONS.
HYDRAULIC FILTER FOR APPEAR-
ANCE OF RED INDICATOR BUTTON.

Figure 10 - Continued.

This produces the peaks and valleys in the scheduled
maintenance loads as the frequency of inspection for the
""best birds' is accelerated. Chronic problems become
more chronic in such a random atmosphere.

The RAMMIT data show that for the UH-1H, approximately
20 percent of hydraulic servocylinder removals are for

"'no defect' or '""'nonfailure' modes. This percentage repre-
sents 400 premature or maintenance action removals over

a b-year period. Present practice shows a lack of specific
procedures to inspect servocylinders while installed, and
automatic referral to the organizational maintenance manual
procedure which is: remove--inspect--reinstall. Inspec-
tion checklists recommend examining the hydraulic system
components in a general way for '"security, damage, and
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evidence of leaks'', while the next available manual, the
organizational manual, discusses the removal of a servo-
cylinder. The missing link here is a procedure in the
pruventive maintenance check which verifies that a servo-
cylinder has definitely failed before removal from airframe.

2. The PMP is performed every 100 days, and by implication
should go to greatest depth in terms of component inspec-
tion. Items related to inspecting hydraulic systems were
quoted previously. Critical inspections are not spelled
out in writing to the extent that a verification of air-
worthiness is established.

a. The mechanic is not required in the PMP to perform
specific detailed checks (except in a general way check
for evidence of failures).

b. Organizational manuals must be referred to for some
procedures, and these manuals presume failure.

c. Quality assurance inspection by designated qualified
inspectors is not specified, but is shown as a require-
ment in TAMMS (TM38-750),

Lack of ""specifics' in aircraft preventive maintenance procedures
places a burden on the supervisor, and is a contributing cause for
hydraulic servocylinder leaking failures and/or premature, unnec-
essary removals.

Shelf-Life Considerations

Review of hydraulic servocylinders and their constituent component
documentation revealed a void as to shelf-life requirements, The
inherent design of such components as elastomer products encompasses
a natural deterioration process after a period of time. This process
of natural deterioration can be accelerated or decelerated by the con-
trol of the surrounding environmental conditions, Failures attributed
to premature scal wearout due to deterioration are minimized by
adequate packing of the components. This packing will minimize the
natural deterioration process caused by environmental conditions.

Failure Criteria and Detection

The criteria for establishing system friction limits or allowable leak-
age are inadequate. The friction test TM55-1520-220-20, Chapter 6,
for the collective pitch control hydraulic cylinder states that "A friction
diag of approximately 25 pounds is considered normal for the cylinder
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assembly'; however, the discussion is completely void of allowable
tolerances and method for accomplishing the friction test, Also, the
system operational check criteria require the mechanic to observe all
hydraulic components and connections for evidence of lcaks while the
system is being operated; but the procedure fails to discuss the
allowable leakage tolerances, Consequently, the procedures for
trouble-shooting a system that is malfunctioning are so minimal as to
be useless except to the most skilled personnel.

Those procedures and criteria that are provided appear to require a
flight control system engineer to find problems other than the most
obvious, i.e., hydraulic fluid gushing from a cylinder.

Maintenance Skills and Training

Lesson plans for the AH-1G helicopter hydraulic and flight control sys-
tems were reviewed. In oder to look at an area that considers the man
in the maintenance loop, maintenance personnel in the field were
interviewed to assess the training program. The courses were conducted
at the U.S. Army Transportation School, Fort Eustis, Virginia.

The lesson plans read well, and attempts are made to keep them updated.
An interview with an instructor indicates that the course should be
lengthened as a major item of improvement. This same instructor
commented that many of the helicopter crew chiefs in the field were
inattentive to dirt problems which contributed to the high failure rate
problem in hydraulic cylinders.

A weak point in the courses as taught, according to the class instructor,
is lack of preventive maintenance instruction in inspection procedures,
especially in the Direct Support/General Support hydraulic system
courses. This comment points to a high portion of the operational fail-
ure rate resulting from component repair. When preventive maintenance
techniques and procedures are inadequately taught in formal technical
schools, the natural trend is for new maintenance personnel to learn
these techniques from maintenance personnel performing like or similar
tasks, The problem manifests itself in that these new maintenance
personnel learn many of the bad or ineffective techniques and procedures
employed by other maintenance personnel. The natural result of ineffec-
tive preventive maintenance techniques is accumulation of contamination
on piston rod surfaces causing excessive wear of servocylinder
components.,

Maintenance personnel with an MOS prefix of 67xxx are helicopter/
aircraft general repairman and receive formal training on the various
helicopter systems. These courses are referred to as '"67'" series
courses. Those personnel with an MOS prefix of 68xxx are helicopter
systems specialists for hydraulic (68Hxx), electrical (68Fxx), etc., and
receive formal training in their specialty. These courses are referred
to as ''68" series courses.
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The following comments are applicable to a sample lesson plan,
"AH-1G Hydraulic Systems'":

1. There is no reference to quality assurance.

2. Hydraulic system precaution discussion contains the following
£ negative type statement, '"TM55-1520-221-20 does not give
specific torque values for the various hydraulic fittings, but
care must be taken to insure that fittings are tight enough,
but not too tight."

3. Emphasis is exclusively devoted to '"knowing the systems."
Most probable failure modes and mistakes most often made
are not alluded to.

4, The "whys' of good maintenance practice are not sufficiently
emphasized relative to hydraulic component preventive mainte-
nance; i. e., the importance of maintaining the cleanliness of
moving parts on a day-to-day basis,

With regard to acquired skills, another instructor indicated that On-
s the-Job Training (OJT) was heavily relied upon to qualify personnel
for the rating of Crew Chief. Formal training is not offered subse-
quent to the initial '"67' series class in "AlIl-1G hydraulics'. The
67" and ''68'" series graduates are not trained well enough to attack
the problem of servocylinder leaking and unnecessary failure modes.

Special Tool Requirements

Organizational maintenance manual TM55-1520-210-20P-2 contains a
list of airframe tools, ground support and flyaway items for each type
of helicopter to be maintained. The tool requirements are not always
prescribed in the maintenance procedures, but the listing is adequate
and pertinent to each model helicopter. Field interviews indicate

that tool availability does not contribute to hydraulic or control system
failures.

Component Accessibility

Access panels are not identified in the preventive maintenance cards
or in the organizational maintenance manual. Omission of panel
identity is not viewed as a cause of hydraulic servocylinder failures
per se.

The time required to remove and reinstall access panels to perform
preventive maintenance is a leaking mode cause factor in that certain
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preventive maintenance actions may not be performed, i.e., inspec-
tion, cleanliness, adjustments, and lubrication, at assigned intervals
if removal is lengthy or difficult.

Degree of Compliance With the Maintenance Procedures and Practices

Maintenance Manuals

Technical manuals for the UH-1 series, AH-1G, OH-6A, Cii-47A/B
and CH=-54 helicopters were reviewed during this analysis, These
manuals included the following:

1. Preventive Maintenance Checklists (PMD, PMI, PMP)
2. Organizational Maintenance Manual (-20)

3. Direct Support and General Support Maintenance
Manual (-34/-35)

The manuals appear to have been prepared in accordance with
MIL-M-63026 (TM). The requirements of this specification are
not stringent enough to provide the maintenance personnel with
an ordered set of criteria to perform scheduled and unscheduled
maintenance actions. This situation contributes to the high early
servocylinder leaking failure rate.

Periodic (Preventive Maintenance) Inspection

Periodic inspections are being performed at the various required
intervals as defined in the PMD, PMI, and PMP, The require-
ments of these PMD, PMI, and PMP preventive maintenance
checklists are not in sufficient depth to meet the intent of normal
preventive maintenance programs. The consequences of non-
comprehensive preventive maintenance checklists are increased
failures caused by unattached equipment.

Shelf Life Consideration

There is no reference in MIL-C-5503C, MIL-G-5514 or other
seal/packing gland specifications pertaining to shelf-life consider-
ations. Shelf-lifc considerations are as important for equipment
such as hydraulic servocylinders that use elastomer components
as the shelf-life consideration for the elastomer component itself.
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Failure Criteria and Detection

The TM's for the UH-1, AH-1G, OH-6A, CH-47 A/B, and
CH-54 helicopters studied did not establish detailed failure
criteria and detection procedures that are adequate for the
average crew chief to troubleshoot a hydraulic system.

Maintenance Personnel, Skill Levels, Qualifications, and Training

These parameters are identifiable and are complied with at all
levels to the extent that they are imposed. The inadequacy of
this area is that the requirements are not stringent enough. The
U.S. Army maintenance personnel are inadequately trained for
the required skills to maintain the complex hydraulic systems
on Army helicopters.

Special Tool Requirements

The special tools required to perform maintenance on hydraulic
systems and servocylinders are adequately presented in the
repair parts and special tools list manuals. To insure that
maintenance personnel use the correct tool, these tools should
be listed in the applicable section of the organizational mainte-
nance manual.

Component Accessibility

Access to components, while provided by the design of the heli-
copter, is restricted by at least two inadequacies, The most
important is that the maintenance manuals procedures do not
identify the access to the components such as hydraulic servo-
cylinders. The other inadequacy is that access panels that must
be removed for various scheduled and unscheduled maintenance
tasks are difficult to remove and reinstall due to the method of
fastening these access doors.

TEST REQUIREMENTS AND PROCEDURES

Hydraulic servocylinders for use with U.S. Army helicopters should

be tested to evaluate the inherent design performance characteristics
with respect to the projected mission operational environment. The

following testing requirements and procedures were investigated:

1. Environmental test and procedures

2. System compatibility testing requirements and procedures
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3. Qualification test requirements and procedures

4. Flight test plan and procedures

5. Service test plan and procedures

6. Acceptance test procedures and results

7. Degree of compliance with the testing requirements

This study failed to reveal detailed tests being performed per test
plans or requirements by the manufacturers and/or suppliers of
hydraulic servocylinders. It is assumed that some tests were
performed, but the adequacy of the fulfillment of requirements could
not be verified. Recommendations to attain the necessary design
verification for future procurements are presented in the Revisions
section of this report. Testing itself will not minimize or eliminate
failure modes or causes. These tests only point out the existence of
the failure mode and its associated cause. The feilure modes can
be overcome if corrective action is taken prior to production of the
servocylinder and/or helicopter.

Environmental Test and Procedures

Environmental testing procedures are essential to predict adequately
the performance characteristics of hydraulic servocylinders in the
intended environment. Procedures for environmental testing

are covered by MIL-STD-810, but the document is not applied to
hydraulic servocylinders for Army helicopters.

The benefit that would be gained by the U.S. Army using environmental
testing is that unscheduled maintenance for excessive wear of sealing
surfaces induced by contamination of these surfaces will be detected
prior to the production phase. Engineering changes and/or preventive
maintenance provisions can be instituted to minimize these unscheduled
maintenance actions, resulting in increased helicopter availability.

System Compatibility Testing Requirements and Procedures

System compatibility testing is an essential procedure because it
cstablishes that the hydraulic servocylinders within the flight control
system are compatible with other flight control and hydraulic systems
components from a total system standpoint. These tests are required

by the procurement and design specifications for simulation of and/or
testing of the end item helicopter as well as the component specifications.
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Qualification Test Requirements and Procedures

No documentation was found either from vendors or the Army describ-
ing qualification testing of hydraulic servocylinders used on Army heli-
copters, Qualification tests, when completed, are one-time tests unless
components are modified or operational requirements are changed.

i

The qualification testing of the hydraulic servocylinder and its com-
ponents such as seals and rod end scrapers must be imposed prior to
full-scale production. This testing period is the time to determine if the
hydraulic servocylinder is of appropriate inherent design for its

intended operational environment, For this purpose, the test objective
is to simulate conditions more severe than actual Army operational
conditions of high vibration and cyclic rates. This should quickly

cause leaks around the piston seals of an inadequate design.

Flight Test Plan and Procedures

Flight testing covers activities both by the airframe manufacturer and
by the Army for acceptance of new helicopters and for helicopters on
which extensive modifications have been made. Because of the propri-
etary nature of such flight testing procedures and practices, documen-
tation was not released by the airframe manufacturers., It is assumed
that these flight tests are conducted in accordance with a procedure
approved by the Army procurement office responsible for that
helicopter. MIL-H-5440 requires the manufacturer to supply the
procuring agency with a detailed functional test specification. The
following military specifications require such flight test plans:

1. MIL-F-9490C (USAF), General Specification for Design,
Installation and Test of Flight Control Systems, Piloted
Aircraft

2. MIL-F-18372(Aer), General Specifications for Design,
Installation and Test of Flight Control Systems

3. MIL-T-5522C, General Test Procedure for Aircraft
Hydraulic and Pneumatic Systems

These tests must be witnessed by Government personnel,
MIL-F-9490C and MIL-F-18372 are not specifically imposed by the
military specification upon the airframe manufaccurer. The manu-
facturers' flight test categories are as follows:

1. Developmental Flight Tests-Developmental flight tests of a
component or system shall demonstrate that the helicopter
combination is performing within the specified operational

~quirements, These tests shall be designed for the f\ight
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control and hydraulic systems to identify and aid in correct-
ing deficiencies in the basic airframe handling qualities.
These tests will also be used for flight controls for com-
ponent and subsystem development.

2. Preproduction Flight Tests-These tests consist of a series of
specific tests designed to prove functional suitability, consis-
tency of operation, and the accuracy of performance of the
flight controls, hydraulics, and all of their related functions
and modes of operation prior to committing the helicopter to
full production,

3.  Production Flight Tests-Production tests shall consist of the
preflight and functional flight checks accomplished on each
production installation submitted for acceptance. Production
flight tests shall be accomplished in accordance with pre-
flight and flight test procedure prepared by the airframe
manufacturer and approved by the procuring activity,

U.S. Army flight tests fall into the following 2 primary categories:
l. Engineering flight test for new helicopters

2. Maintenance operational flight test for helicopter when
required by scheduled (preventive maintenance) aud
unscheduled maintenance

All Army flight testing of aircraft and helicopters is governed by
TP AVN 23-16, '"Test IFlights and Maintenance Operational Checks
for Army Aircraft",

Engineering flight tests by U.S. Army personnel are conducted after
the contractor has successfully demonstrated that the helicopter has
met or exceeded the Army operational requirements. Their tests
are designed to insure that the operational performance of such
equipment as hydraulic servocylinders will function within the design
limits of the helicopter operational environment,

Maintenance operational flight test, by Army personnel are conducted
subsequent to all PMI and PMP preventive maintenance checks. These
flight tests are also conducted after unscheduled maintenance actions
involving maintenance conducted in safety of flight equipment such as
servocylinders, Army flighttest procedures which impact hydraulic
servocylinder performance are shown in Table VI, These procedures
arec extracted from TM55-1520-220-20, Chapter 3, Section III,
"Aircratt Test Flight Inspection Checklist'",

These flight test procedures for flight control performance are

capable of detecting many existing flight control system failures or
impending failures.
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TABLE VI, TEST PROCEDURES

Pedals

Before Starting Engine

- Freedom of movement through range of
travel, neutral,

RPM 6000

Force Trim ON

Starting Engine and Runup

- Force trim OFF, check controls for
any tendency to creep or motor,
freedom,

Note

Keeping the fingers around the cyclic
grip, but not touching it, lightly tap
the cyclic in various directions with
the fingertips. Movement should
stop when pressure is stopped. Each
pedal should be checked by tapping
lightly with the foot with no pressure
on the opposite pedal. The controls
should not motor or creep when no
pressure is applied, With force trim
OFF the controls should operate
smoothly (no creeping, binding or
chattering) with no feedback or
excessive friction, within about

1 inch of controls center,

- Check cyclic gradient forces nearly
the same in all directions, no play.
Recheck in all directions within 1 inch
of cyclic center,

Note

With force trim ON it should take
approximately equal force to move the
cyclic in all directions while making
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